ABSTRACT PURPOSE: Dietary nitrate supplementation has been shown to reduce O 2 cost of submaximal exercise, improve exercise tolerance and enhance performance in moderately trained individuals.
INTRODUCTION

Nitrate (NO 3 -
) is a relatively inert anion that can be converted in vivo to bioactive nitrogen oxides including nitrix oxide (NO) (30). The main dietary sources of inorganic nitrate are vegetables (e.g. spinach and beetroot), processed meats (where it is added as a preservative) and water (8). Circulating plasma NO 3 -can be actively taken up by salivary glands, excreted in saliva, and reduced to NO 2 -by commensal bacteria in the oral cavity (32). When swallowed in the acidic environment of the stomach, NO 2 -is further converted to NO, whilst the remainder is absorbed and increases circulating plasma ]. This NO 2 -can be further reduced to NO, particularly in tissues which are relatively hypoxic, such as contracting skeletal muscle (32), and play a significant role in a myriad of physiological processes, amongst which, at the skeletal muscle level, the increase in blood flow and a partial inhibition of mitochondrial respiration (40). The precise mechanisms responsible for these effects have yet to be elucidated but are thought to be attributable to NO-mediated enhancements of muscle contractile function (1, 18) and/or mitochondrial efficiency (30).
Despite the considerable evidence of the positive ergogenic effects of nitrate supplementation in recreationally active and moderately trained individuals (with a maximal oxygen uptake around 50-55 ml . kg -1. min -1 ), recent studies have failed to show improved exercise performance following dietary nitrate supplementation in elite cyclists (4, 11, 13, 43) , crosscountry skiers (36) and runners (6) . The reason(s) for the lack of effects observed in elite athletes is(are) not understood. It has been hypothesized that adaptations elicited by endurance training may play a role in nitrate supplementation response (4) . Indeed, trained subjects appear characterized by a greater activity and presence of eNOS (endothelial nitric oxide synthase), the enzyme responsible for endogenous generation of nitric oxide (20, 33 ). An increase in eNOS activity may decrease the production of NO from nitrate and thus attenuate the benefits from nitrate supplementation (20) . Moreover, highly trained athletes have higher plasma levels of nitrate and nitrite than sedentary subjects (42), such that the response to a standard dose of nitrate may be diminished. Interestingly, a limited number of "responders" were identified both in elite cyclist (13, 43) and in elite runners (6), indicating that aerobic fitness level may not be the only factor affecting the ergogenic effects of nitrate supplementation. In addition, different exercise (IPAQ-SF) and volunteered to participate in this study. Six subjects were actively involved in A C C E P T E D structured training programs and, although endurance training formed a large part of their training routine, they also undertook regular resistance conditioning. Three of these athletes were participants in national and international competitions. Four subjects trained 3 to 4 times per week and were participating in regional-level official competitions at the time of data collection.
Seven participants were recreationally active individuals who engaged in a variety of activities (e.g., weightlifting, running, team sports) less than 2 times per week. Four subjects were young university students sedentary or engaging in exercise for <90 min per week. All participants were non-smokers, normotensive and were not assuming any drugs. The procedures used in this study were approved by the local ethics committee. All subjects gave their written informed consent after an explanation of the experimental procedures and before commencement of the study.
Experimental design. Each participant visited the laboratory on five separate occasions.
On their first visit, anthropometric measurements and an incremental exercise (pre-examination) test to determine maximal oxygen uptake ( 2peak O V ) and the gas exchange threshold (GET) were performed. The protocol began with subjects running at 7-10 km . h -1 for 6 min, according with their presumed fitness level estimated by IPAQ-SF; then the belt speed was increased by 1 km . h -1 every minute until volitional exhaustion. The GET was determined as previously described (3) in order to calculate the treadmill speed that would require 80% of the individual GET (moderateintensity exercise). The peak values of the main cardiovascular, respiratory and metabolic parameters were taken as the highest 30-s mean value attained prior the subject's volitional exhaustion (see Table 1 ). According to Rowell (39), subjects were divided into three groups on Subjects were also required to abstain from using antibacterial mouthwash and chewing gum, as there are known to destroy the oral bacteria responsible for the reduction of NO 3 -to NO 2 - (15) . A 14-day washout separated the supplementation periods.
Exercise tests. Subjects were instructed to arrive at the laboratory in a rested and fully hydrated state and to avoid strenuous exercise in the 24 h preceding each testing session. In addition, they were told to avoid alcohol and caffeine intake 48 h before the exercise test. All laboratory exercise tests were carried out in a well-ventilated laboratory at 19-21°C on a motorized treadmill (Jaeger, Germany) set at a 1% gradient. for the first three laps but were blinded to exercise time thereafter. Performance times were recorded by using two synchronized stopwatches. To check the presence of a slow component of the kinetics (24) , data were also fit by a double exponential function of the type:
Measurements. Pulmonary ventilation ( E
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where As, TDs, and s indicate, respectively, the amplitude, the time delay, and the time constant of the slow component of the kinetics. No slow component was observed in all the constant load exercises both for NITR and PLA.
Blood sampling. Resting blood sample was collected to determine plasma levels of nitrate and nitrite both on day 5 and 6. Venous blood was drawn from the antecubital vein into a 5-mL EDTA vacutainer tube (Vacutainer, Becton Dickinson, USA). Plasma was immediately separated by centrifuge (5702R, Eppendorf, Germany) at 1000 x g for 10 min at 4 °C. Plasma samples were then ultrafiltered through a 10 kDa molecular weight cut-off (AmiconUltra;
Millipore, EMD Millipore Corporation, Billerica, USA) using a ultracentrifuge (4237R, ALC, Italy) at 14000 x g for 60 min at 4 °C to reduce background absorbance due to the presence of hemoglobin. The ultrafiltered was recovered and used to measure nitrite and nitrate concentration. We utilized a commercial colorimetric assay kit (Cayman Chemical, USA) which provides an accurate and convenient method for measurement of nitrate and nitrite concentration.
Samples were read by the addition of Griess reagents at 545 nm by a microplate reader spectrophotometer (Infinite M200, Tecan, Austria). A linear calibration curve was computed from pure nitrite and nitrate standard. All samples were determined in duplicate and the interassay coefficient of variation was in the range indicated by the manufacturer.
Statistical analysis.
Results are expressed as mean ± SD. A two-way mixed-design ANOVA with repeated measures (independent measures on aerobic fitness level and repeated measures on supplementation) has been utilized to examine the effects of intervention, aerobic fitness level, and the interaction between the two. Post-hoc analysis was completed using Bonferroni multiple comparisons. Significance level was set at p<0.05. When significant effects
A C C E P T E D
of intervention were found, a student t-test for paired data was used to determine differences between PLA and NITR conditions. Pearson statistical test and the square of Pearson's correlation coefficient (r 2 ) have been used to examine the relationship between variables. All statistical procedures were completed using Prism 6.0 (GraphPad Software, CA, USA). (Fig. 3D ).
RESULTS
Incremental Exercise (IE
In addition, there was a significant negative correlation between the increase of plasma 
A C C E P T E D
DISCUSSION
The main finding of this study is that the individual aerobic fitness level affects the elite athletes after NITR supplementation. Subjects were asked to refrain from using antibacterial mouthwash, thus it seems rather unlikely that this feature could be related to modification in the microflora of the oral cavity. A further possibility is that urinary nitrate and nitrite excretion rose more substantially in elite athletes. Unfortunately, nitrate and nitrite urine concentration were not analyzed in the present study, so we cannot exclude that this occurred. Another possibility is that elite athletes have experienced a greater "consumption" of plasma nitrate and nitrite during daily training sessions, since previous studies have reported an effective consumption of these anions during exercise (5, 31) . In this regard, it should also be considered that following non-exhaustive exercise, nitrate (25) and nitrite (38) levels have been reported to be higher than before exercise, probably due to the shear stress stimulating NO production in the arginine oxygen dependent pathway. Finally, moving our attention from the oxygen cost of constant load submaximal exercise to other typical parameters of oxidative metabolism, we did not observe any significant changes of them after dietary nitrate supplementation independently of the level of the aerobic fitness of the subjects. Indeed, peak oxygen consumption and gas exchange threshold were similar between PLA and NITR in the three groups. This finding is in accordance with several previous studies that have reported no change on maximal oxygen uptake following single or short-term (3-6 days) nitrate supplementation either in the form of sodium nitrate (31) or beetroot juice (2, 41, 44) . Moreover, no alterations in 2 O V kinetics were observed in the three groups according to previous observation both in moderate trained (2, 41) and highly trained subjects (13) .
A C C E P T E D
In conclusion, our study shows that the ergogenic effects of nitrate supplementation are significantly related to the individual aerobic fitness level, with no benefits observed on highly 
